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CALCULATION OF THE CHORDWISE LOAD DISTRIBUTION OVER AIRFOIL SECTIONS
WITH PLAIN, SPLIT, OR SERIALLY HINGED TRAILING-EDGE FLAPS

By H. Juw- ALLL\-

SUMMARY

A method h presentedfor the rapid calculation of the
incremental chordwise normal-force dtitm”butionorer an
airfoil sectwn due to the dejection of a plain $ap or tab,
a split flap, or a serially hinged jiap. This report is in-
tended a~ a supplement to AT.k C. A. Report A’o, 691,
wherein a method is pre~entedfor the calculatwn of the
chordw”senormal-force didribution orer an a~m”l un”thout
a jlap or, as itmay be conw”dered,an a~oil m“th.jlap (or
flaps) neutral.

T7iecalculations are made pomible through the corre-
lation, b~means of thin-airftil theory, of numerous exper-
imental normal-force digti”butions. The method enab[e8
the determinationof theform and magnitude of the incre-
mentalnormal-force distribution to be madefor an airfoil-
jilzp combinationfor which the sectim characteristicshare
been determined.

A method is included for the calculation of the @p
normaLforce and hinge-moment coej%ienta witho-utneces-
sitating a determination of the normal-force distribution.

INTRODUCTION

The gened importance of airfoils equipped with
traiI&edge flaps has promoted both experimental
and theoretical determinations of the chordwise dis-
tribution of nonmd force over such surfaces in an effort
to increase the structural eficiency of their design.

The theoretical investigations have been made under
the assumption that the fluid viscosity is negligibly
small This assumption must be made, for the present
at least, in order tiat the problem may be analyticaJJy
handled. Unfortunately, as experiments have shown,
viscosity clearly is not a negligible factor in this problem
and, consequently, the theory is not able to predict
adequately either the magnitude of the increment td
normal force brought about by the deflection of the
flaps or the nature of the chordwise distribution of this
incremental nornd force.

On the other hand, the large number of variables
involved in the problem makes it too difhdt to de~elop
an adequate method, applicable in the general c~se, for
the calculation of tho incremental normal force and
the incremental normal-force distribution from the
experimental pressuredistribution measurements that
have been made.

In this report a method is developed for the calcula-
tion of the incremental normal-force distribution due
to the deflection of the flap based upon the results of
experimental investigations; the theoretical relation-
ships are used as a basis for the coordination of the
experimental observations. Employment of exper-
imentaHy determined airfoil section characteristics
makes it po&ble, moreover, to obtain a distribution
consistent in magnitude with that obtained by e.rper-
iment. The method has been made applicable to an
airfoil section equipped with a plain flap or tab, a split

flap, or a serially lQed flap. This report is intended
as a supplement to reference 1, wherein a method,
similar in its detaila of development, is presented for
the calculation of the chord-i-rise normal-force distribu-
tion over an airfoil section without a flap or, as it may
be considered, art airfoil section with flap (m flaps)
neutraL

In order to facilitate the employment of this method,
the report has been divided into two sections:

I. The Derivation of the Method.

II. The Application of the Method.

In the derivation, Glauert’s theoretical chordwise lift
distribution is discussed and the empirica~ alteration of
the theory is treated. In addition, the dedopment
of the requiske equations for the determination of the .
magnitude of the distribution from force-test results is
gken. In the application, the general procedure to be
[oLIowed in using this method either for airfoil sections
with plain or spLit flaps or for airfoil sections with
wriaIIy hinged flaps is given in concise form aIong with
m ilkstrative example. The mathematical derivation
~f the theory is given in the appendk

I. THE DERIVATION OF THE METHOD

G1auert (references 2 rmd 3) has treated analytically
the problem of the symmetrical airfoil with a plain
Eap, assuming the airfoil to be of infinitesimal thickness.
The thin-airfoil theory is tr~ated in the appendk of
Lhie paper. It is shown that the incremental lift dis-
kibuticn or, as it will be regarded, the incremental
normal-force distribution due to the deflection of a
ilap may be considered, for convenience, to be com-
?osed of two component distributions: (a) the irtcre-
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mental additional distribution Pd, and (b) the incre-
mented basic distribution Pbd. The incremental addi-
tional distribution is, in form, independent of the
flap-chord ratio and does not contribute to the qumter-
chord pitching moment, whereas the incremental basic
distribution is, in form, dependent upon the flap-chord
ratio and is responsible for the entire incremental
quarter-chord pitching moment due ta the deflection
of the flap.

The theoretical additional distribution, as given by
the thin-airfoil theo]y (appendix, equation (A-17)), is
shown by the dotted curve in figiwe 1. Since the incre-
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mental additional distribution due to the deflection of
the flap is identical in form with the additional dis-
tribution for the airfoil with flaps neutral, the experi-
mentally determined additional distributions given in
reference 1 will be used for this method. The four
classes of additional distribution presented in ieference
1 are given in table I and figure 1 (solid lines) of the
present report. A key to the class of distribution to be
employed for 22 airfoils is given in table II of the present
report. (The letters A, B, C, D, and E in cokmn
“C1assiflcation PD” d~ignate the class of distribution.)
The remaining airfoil characteristics for these airfoils
me given in table I of reference 1.

The shape of the tlmoreticrd incremental basic lift
distribution (appendix, equatiou (A-19)) or, of what
is considered to be its equivalent, the incremental basic

normal-force distribution is shown by the dotted lines
of figures 2 to 6. Proceeding rearwnrd from the lead-
ing edge of the airfoil, the pressure difference, which is
zero at the leading edge, increases rapidly at first, t.hcn
more slowly and, as the hinge is approached, it iucrcascs
more and more rapidly until tho pressure difference
becomes unlimited at the hinge point, where tlm nirfoil
radius of curvature is zero. Rearward from the hinge,
the preamre difference drops rapidly at first, then more
sIovJ1y, and finally more rnpidly again to zero pressure
difference. at the trailing edge. With a hinge radius of
curvature other than zero, the basic pressure clifferc~lce
at the hinge becomes fits._—

z/c
FIGUX&2.QBwdo hmmenhl normal.form dIstrlbtMon. R. A. F, 30SCC+IOUO.1OC

plsln Rm atJ-W.

Numerous comparisons between experimental (mridc
with 0.1 Oc, 0.20c, and 0.30c phiin-fiap ~irfoils with flap
deflections ranging from 10° to 60°) and theoretical
incremental basic normal-force distributions (pbJ/%~)

for plain-flap airfoils generally showed good agreement
ahead of the hinge but. poor ngroement behind the
hinge, pmt.icularly for large flap mngles. This result is
to be anticipated for ahead of the hinge fuvorablo
pressure gradients retard the growth of thci boundary
layer and, conversely, back of tlm bingo MIvcrec gradi-
ents accelerate the growth of the boundary layer. An
exm-oinrition of these comparisons, however, disclosed
that, for all three flnp-chord ratios at my one given ffap
defection, the ratio of the experimental basic normal
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force to the theoretical was practically constant for
corresponding points along the rIirfoiL That is, if @is
defined as

(1)

it has been found that valuw of ~ computed from experi-
mental pressuredistribution measurements made over
O.1OC,0.20c, and 0.30c plain-flap airfoils with the same
flap deflection (references 4 rind 5), when plotted in the

x/c
form of curves of Bagainst both —~_E (pointi ahead of the

hinge) and 1‘$’c) (points back of the hinge), lie very

nemly on the same curve. In these expressions, E is
the flap-chord ratio.

z/c

FIGURE7,—AddMonal normal-force dMrIbutIon for a stalled sgmmetrlcal afrfolL
R. A. F. 20secMon,

This result is used as a basis for extending the analy-
sis to cases where no experimental data are available.
Curves of the mean values of 6 for flap deflections of
10° to 60° were determined. It was found that, for
flap deflections of 15° or le~, a single ~ curve applied.
At these smalI angles the departure between theory
and experiment is sIight, which shows that the boundary
layer is still thin and the flow pattern is stilI reasonably
like that predicted by theory. As the flap deflection is
increased, the adverse pressure gradients back of the
hinge are increased and separation finally trikes place;

the incremental basic normal-force distribution tlwn
becomes markedly different from that predicted by
theory. This abrupt change in the nature of tho flow
takes place at or near 20° flap deflection. Tho exact
angle at which this stalling occurs is a function of a
number of variables (angle of attack, Reynolds hTum-
ber, surface irregularities, hinge leakage) and no single
B curve can apply very near this flap angle.

Values of PM/C.t8have been computed from numer-

ous pressure-distribution measurements (references 4
and 5) and are plotted in figures 2 to 6 along with the
theoretical distributions and the computed dist ributicms
obtained by use of the computed curves of mean P
values.

In table III (a) to (f), the computed distributions of
PM/C.aJ (equation (l)) are given for various flap-chord
ratios and flap deflections.

The expansion of the experimental results, taken
with plain flaps where the flap-chord ratio never ex-
ceeded 0.30, to the much higher values given in tnble
III is justified as folIows. When the flap-chord ratio
is 1.0 for a symmetrical airfoil, the incremental normal-
force distribution becomes the incrernentnl ndditionnl
normal-force distribution and, wheu corrected by the
mean p value91 the incremental additional distril.mt ion
Yhould be ~xpected to agree with the experimentally
iieterr&ed additional distribution if the f-?values arc
truly independent of the flap-chord ratio. In figure 1,
Lhe computed distribution obtnined by use of the P
mlues.~r the unstalled flow (i. e., 6= 5°, 10°, nnd 15°)
is sho~tm along with the additional distributions of ref-
erence 1. In figure 7, the computei] and espcrimcntrd
distributions for a stalled symmetrical airfoil (a= fi=28°)
are shown. From the close agreement, bctwccu the cx-
periment.al and the computed distributions shown in
figures’1 to 4 for the unst.nlled flop and in figures 5 to
7 for the stalIed airfoil, it is concluded that, for design
purposes, the 9 values may be considered indcpenden[
of the f?ap-chord rntio.

The method of correlating experimcntrd pressure dis-
tributions for airfoils with plain ihps muy IN ernploycd
for airfoils with split flaps. Consider the airfoils with
split flaps to be nnalogous to tha nirfoils with phiin
flaps, the bounda~-layer displacement thickness nt nliy
point back of the hinge for the airfoils with split flaps
being as great as the distrmcc from the lower surface
of the flap to the upper surface of tho uncleflected por-
tion of the airfoil back of the hinge. Analysis of thu
problem in this manner permits the vtducs of p to bc
determined from experimental data, provided tbut some
msumpt.ion is made regarding tbo lift distribution on
the unreflected portion of the ~irfoil buck of the hinge,
Assume that over this portion at till points back of the
tige the pressure differences are negligibly snmi] com-
pared with the corresponding pressure differences over
he spIit flnp itself. This assumption is consistent with
he analogy (pressures are propagated undiminished



THE CHORDWISIZ LOAD DISTRIBUTION

through a boundary layer) and is supported fairly vd
by experiment (references 6 and 7), particuhmly for
positi~e rmgles of attack and the larger flap deflections.

Yalues of F were obtained for split flaps using the
incremental pressure distributions of referemce 6. It
vies found that, for flap deflections of 40° or more, the

@ Normu&mce distribution for airfoil uith flap

(b) Normal-force distribution for airfoil with fkp -
defkcted.

(c]Distribution shown in (e) plotted normed to
f Iap-deflected chord.

[d] Increment normel-force distribution due to -
deflection of flap.

1 \

(e) Distribution shown in (d) plotted norrmd to
flap-neutral chord.

Fmufu 8.—NormnMrce dkt.rfbntfon and fnaremenml normal-form disc.rffmtionfor
fbUUneutnl und deflected.

F mdues for plain- and spIit-flap airfoils were the same.
In table III (d) to (b), the computed distributions of
Pb,/cxaJ are given for rnrious flap-chord ratios and flap

13977.~29
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deflections. Again the assumption is made that a singIe
p curve applies for aII flap-chord ratios for any given
ffap deflection.

The development of the requkite equations to deter-
mine the magnitude of the incremental additiond and
incremental basic distribution from wind-tunnel force
tests will now be considered. From force tests of the
airfoiI with flap neutral, Cml (quarter+hord pitching-
moment coefficient) and C,I (normal-force coefficient)
corresponding to the normal-force distribution shown
in tigu.re 8 (a) are obtained. Again, from force tests of
the airfoiI at the same attitude with the flap deflected,
c- and c,* corresponding to the normal-force dMribu-
tion shovm in figure 8 (b] are obtained.

Let
AC== C.2–C=l’
AC==CW—CXI’}

(2)

where Cw’ and C81! are the pitching-moment and
normaI-force coefficients corresponding to the normal-
force distribution for the airfoil with flap neutraI when
plotted normal to the chord of the airfoiI with flap
deflected, as shown in @ure 8 (c). Then Aomand Ac.
are the pitching-moment and normal-force coefficients
of the incremented normal-force distribution when the
increment.al distribution is plotted norrmd to the chord
of airfoil with flap deflected, as shown in figure 8 (d).

For the commonly used airfoils, the approximation

CS1=G1’
Cml=c=l’ }

(3)

is suflhiently exact except in the rare case when the
flap-chord ratio 1? and the flap deflection 3 are simul-
taneously large. (See &g. 8 (a) and (c).)

Let Acre’ and Ac,’ be the pitching-moment and the
normal-force coefficients of the incremental normal-
force distribution plotted normal to the flap-neutral
chord, as shown in figure 8 (e). Since the incre-
mental basic normal-force distribution is respomib]e
for the entire quarter-chord pitching moment, then,
if (3 is the moment arm in terms of the chord of the
basic norrmd force about the quarter+hord point,

AC.’= Gc,hJ

Ac,’=en& + cn~g
or

(4)

The due of G is a function of -E and & VQ1ues of
G are given in table IV.

The correlation between the fictitious values of
Ac.’ and Ac,’ and the measured values of Ac. and Ac,
must be established in order to determine Czbt and
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cn~afrom force tests. Let the incremental flap normal-
foroe coefficient for unit span be given by

(5)

where n~8is the incremental flap norrmd force per unit
span and g is the dynamic pressure in the air stream.
Then

A&’= A&+ finl,(l-oos $ )
and

)

(6)
Ac.’=Ac.–&fi(cosos ~)(:–~)

The incremental flap normal force may be considered
as a combination of two components due to the incre-
mental additional and the incremental basic normal-
force distributions. Let yti and 7*8 be the ratio of the
flap normal force to the airfoil normal force for the
incremental additional and the incremental basic nor-
mal forces, respectively; then

The contribution of the additional normal-force dis-
tribution is small compared with the basic contribution
so that, for the purpose of determining Ac~f and AcE!!
the following approximation may be employed:

and equations (6) become

Aca’=Acn+&#&’ (1–cos 6)

Acre’
Ac.’=Ac.–&M— ~ (1

()
—COS6) :— E

so that

where

E(1 –Cos 8)~
.

-T~=

( )13E~E(l–cos 8) ~–

(:-E)%!-
The values of T. and T. have been determined and arf
given in tablea V and VI.

Then, given Cfia,C*I,cm, and c~l (cJ maybe coneiderec
as c.; cmmay be oalctiated if cm=.,.,the pitching-momenl
coefhient about the aerodpamic center, and XJC
the chordwise distanoe of the aerodynamic center from
the quarter-chord point of the section in terms of th{
chord, are given instead of CJ

Ac. =Cm,—cml

}
(lo)

L@= C.*– C,l

md using the vahws of r= and 7. from tables V and VI
iepeqding on the type of flap, then (equation (9))

Ac~’=r~Ac.

tint =Aca+ raAc.

rhe incremmtal basic and additional normal-forco
~oeffkients may be obtained from cquationa (4),
which are

When the appropriate values of the increment nl bmic
.,.

uormal-force chstnbutlon, Pha/cBb8)from ttiblo III me
used, then

P.= ~ G,,
()

(11)
c?lbJ

By the use of the proper class of incremental addi-
tional normal-force distribution, PaI/Cmct,from tablo I

(12)

basic and additionrd distributionsThe incremental
may be added to give the entire incremental x]ormal-
force distribution,

and this incremental normal-force distribution mny be
added to the distribution for the airfoil section with
undeflectecl flap, pi (which distribution maybe obt nincd
by the method of reference 1), to givo the normal-forco
distribution for the airfoil with the deflected flap

The incremental flap normal-force coefficient is given
by equation (7) and the corresponding flap bingo-
moment coefficient can be written by nnalogy.

Values of M8 and ~Mare given in tables VII find VHL
h the incremental additional and wldit ionnl distribu-
tions are identical in form

7a8=7a

Values of y= and qa are given in tables LY and X, rc-
spectivOly.
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The flap normal-force and hinge-moment coeficieuts
for the airfoil with flap neutral may be determined by
considering the contributions of each of the component
distributions that make up the flap-neutral normal-force
distribution. In reference 1 the flap-neutmd normal-
force distribution is considered to be composed of four
component distributions: (a) the moment basic (class
1), (b) the camber basic (cIass O, 1, or 2), (c) the aero-
dynamic center, and (d) the additional (clasaes A, B,
C, D, and E). The class of each distribution to be
employed for a number of airfoils is given in table II
(or tables I and II of reference 8) in the column “Clm.si-
fication PD.” The letter (A, B, C, D, or E) designates
the chiss of the additional distribution; the first- number
(1) designates the class of the moment basic distribu-
tion; the second number (0, 1, or 2) designates the class
of the camber basic distribution.

The moment basic normal-force coefficient may be
obtained from

c‘bm
= –6.30c=a,C.l for CIQSS1 (16)

The camber basic normal-force coefllcient may be
obtained from

–ocxbc— for chins O

cxbe=9.70 ; for class 1 1 “(17j

Cmk=18.75 ~ for chins 2

where Z=k is the camber in terms of the chord. Yalues
of ZJGare ghen for a small number of airfoils in tab~e II
and for a large number of airfoils in tables I and II of
reference 8. The additional normal-force coefficient
may be obtained from

cm==c”l—cxbc—cnBm (18)

The aerodynamic-center distribution coefficient. is
given by

x= C.c
ca.c.=-

C Sa (19)

I’aIues of r..../c are given for a small number of airfoils
in table II (cohmm 3) and for a Iarge number in tables I
and H of reference 8.

Fimdly, the flap normal-force coefficient is given by

cxfl=yacn=+~tiaac+~bdn~=+ ~E.C. CGC. (20)

and the flap hinge-moment coefficient is gi~en by

cA~l= q#..+qb#.~+qbme.bm+ ~L..C..C. (21)

The various 7 and q values are given in tables IX
and X.

The flap normal-force and hinge-moment coefficients
for the airfoil section with flap deflected are

cmf2= Gf*+&fi

t
(22)

Chf= Chfl+ Chfi
2

This method for the determination of incremental
chordwise normal-fome distribution for airfoils viith
flaps was developed for airfoils of normal profde and
camber, and therefore it canmot. be presupposed that
this method Qoht be applied to airfoiI sections of ab-
norrmd form.

The ~~ues of Pb6/c=,8for airfoils with both phiin
and split flaps were determined from tests of airfoils
having wry smaIl gaps between the wing and the lead-
ing edge of the flap. It has been found (reference 9)
thd any gap between the wing and the leading edge
of a plain flap hm a detrimental effect upon the aero-

-.

dynamic characteristics. H is probable that this gap
effect mill also be true for split-flap airfoils. In the
absence of evidence to the contrary, the method pre-
sented cannot be comqidered applicable to plain-fIap
or spIit-flap airfoils with large gaps.

The flap hinges of alI plain-flap rtirfoils, from the
tests of which the PM/CmhJvalues for the plQin flap were
determined, were midway between the upper and lower
surfaces of the airfoils; that is, the mdius of curvature
of the upper surface above the hinge for each airfoil
was half the depth of the airfd at the hinge. T=ts
have been conducted to determine the eflect of chang-
ing the radius of curvature at this point from zero to
the full depth of the airfofl at the hinge. (The redts
of these tw.ts have not been publkhed.) The airfoil
employed in the test was equipped with a 0.60c plain
flap deflected 12° and with a 0.20c plain flap deflected
15”; the effect of changing the radius of curvature at the
0.60c-flap hinge alone was determined. The resuh
of these tests show only a negligible change in the
aerodyiafic characteristics (and presumably in the
normal-force distribution) with a change in the radius
of curvature. Because of the Iimited nature of the
tests, these results cannot be considered conclusive for
plain-flap airfoils in generaJ and the method presented
must be considered strictly applicable to plain-flap
airfoils with upper-surface curvatures not k.ss than half
the airfoil depth at the hinge.

The pbJ/cxbJ values for plain-flap airfoils were de
tied from airfoiI tests made at an effective Reynolds
hTumber of about 1,000,000. Comparison of these
tests with tests made at an effecti~e Reynolds NTumber
of about 17,000,000 indicat- that the effect of scale is
unimportant although, it may be mentioned, in the
critica~ region of flap deflections (i. e., for ~ near 20°)
there is a tendency at higher scales to maintain the
unst ailed incremental basic distribution (i. e, the 6=5°,
10°, and 15° type of distribution) up to sIightly greater
flap deflections. Pressure-distribution measurements on
spliktlap airfoils made at effecti~e Reynolds h~umbers
of 1,700,000 and 3,200,000 showed apparently no effect
from this smaH change of scale.

It is d~cult to make any general statement regarding
the accuracy of this method for the determination of the
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incremented chordwiae normal-force distribution. Th~
dispersion of experimental ~reesure-measurement result:
shown in figures 2 to 6 may be cmsidered typical.

II. THE APPL1(2ATIONOF THE METHOD
THE GENERAL PROCEDURE FOR AN AIRFOIL WITH A PLAIN OR 4

SPLIT FLAP

In order to determine at a given lift coefficient th[
incremental normal-force distribution over a given air.
foil section due to the deflection of a plain or a splil
flap, it is necessary to have the following experiment.nll~
determined characteristics for the airfoil section:

(a) With flap deflected:

C12,the section lift coefhcient (given).
cmat-s, the section pitching-moment coefficient aboul

the aerodynamic center.

()

& the chordwise coordinate of the aerodynamic.
c ~’ center position in terms of the chord.

(b) With flap neutral (with the nirfoil section at thf
same angle of attack):

cl,, the section lift coefficient.
cm=~,1,the section pitching-moment coefficient aboul

the aerod~amic center.

()
X9 the chordwise coordinate of the aerodynamic-

C ~’ center position in terms of the chord.

(c) The class of additional normal-force dishibutior
to be employed.

For illustrative purposes, given: an ~. A. C. A
23012 airfoil section with a 0.20c split flap (E= O.20~
set at 45° (6=450). To determine: the incremental
normal-force distribution for this airfoil, when, with t.hc
flap deflected, the lift coefficient c,: is 1.40. From
reference 10, when

C12=1.40
then

C~a~~= —0.229. .

()
x-

=0.012
c?

a=2.0°
For the airfoil with flap retracted, when a=2.0°, from
reference 11,

CZ1=0.34

cm=~~= —o.oo5. .

and from table II of the present report

()~.
cl

=0.012

nud the C class of additiond distribution is to be
employed.

The quarter<hord pitching-moment coefficient is
obtained from

nnd the approximation is made
c~= c1

so that; for the example cited,

C~a= –0.229+ 1.40(0.012) =—0.212

C.2= 1.40
smd

CM,=-0.005 +0.34 (0.012) =–0.001

cnl=o.34---

The quarter-chord pitching-moment and nornlal-
force coefficients for the increment al nornml-forca dis-
tribution considered normal to the airfoil chord with
flap deflected nre given by

Ac~=cn2—c-l
Ac.=ew-G, }

(10)

(equations are numbered as in pfirt 1 of tho report)
so thtit, for the example cited,

Ac~=–0,212+0.001 =–O.211
Ac.=1.40—0;34=1.06

The pitching-moment and normal-forco coefficients
for the incremental normal-force
sidered nornlal to the nirfoil chord
are gi-ren b~

At.’ = 7nAc.
A~’ =Aca+~,Ac J

distribution, con-
with ffap neulra],

(9]

lTulues of 7* and rm are given in tnblcs V and VI. For
the exmnple cited, by interpolation from the tables,

rm=l.lo
T==–0.30

so that

Ac~’=1.16 (–0.211)=–0.245
ACE’=1.06+ (–0.30) (–0.211)=1.12

The incremental normal-force distribution is con-
sidered to be composed of two component distrilmtious:
(a) the incremental additional distribution, and (b) the
increment al basic distribution. The rnngnitudc of the
incremental basic nornml-force coefficient is given by

“b’=%’ (4)

Values of @are giveu in table IV for airfoiIs with plnin
md split flaps.

For the example cited by iM,erpoIation from the tablo

Q=–O.412
md so

–0”245=0.60
c%=-am

The incremental additional normnl
born

&a,= &nl-cn M

force is obtainccl

(4)
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For the example cited

c. Ca=l.12–0.60=0.52

The incremental additional distribution may then be
obtained from

%=(%%, (12)
y~al~sl

Values of Pdlc.=z at a nmber of stati~~ along the

chord are given for the various classes of distributions
in table I and flgu.re L The quantity Pd is the pres-
sure difference in terms of g, the stream dynamic pres-
sure.

For the example cited

so that for the class C distribution (table I) the values
of P~ in the following table are obtained.

COMPUTATION OF INCREMENTAL ADDITIONAL
DISTRIBUTION

SIC

o
; f$l$

.091

.076

.lm

.Uo

.2CQ

.s00

.411

.6W

.eoo

.700

.m

.W1

1:%3 I
a o
4.% ;:
L2a
La L,67
La L39
2-- LZL

.W
LIM .s0
L 14 .&a
.67 .45
.&s .35
.51 .27
.87 .!M
.?4 .La
.12 .06
.C8 .m
o 0

The incrementa~ basic distribution is found from

(11)

Vahm of P8t/emaJat a number of statio~ along the

chord are given in table III for plain and spIit flaps.
For the a~ample cited,

.)
PM=(S 0.60

lT~ueg of Pbt/cEO$are obtained by interpolation from

table 111 and computed dues of PM are gken in the
following tabIe. Again, PM is the pressure difference in
terms of q.
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COMPUTATION OF INCRE#:NTAL BASIC DISTRIBU-

——
*’C

~E

0
.0s
.10
.!20
.31
.40
.50
.ml
.71
.s0

i;

z
T

o
.04
.08
.16
.24
.&?
.4
.48
.Ea
:%

.S) T
Pm ~u
CM

o 0
.16 .10
.24 .M
.35 .!21
.46 .%
.67 aJ
.C4.

.60
i% .m
L% .76
L 59
am iE

L*!c z
F T

. —

LOO aao
.90 .S2
.al .S4
.io .s6
.@l :%
.m
.43 .92
.30 .94
.20 .a6
.lo .99
.05
0 i%

Pu—
e. ~

1 “
Pu

L23
L S1
L 32
L S1
L27
1.21
L N
L02
.ss
.U6
.4a
o

.-

Finally the incremental normal-force distribution is
found by addition:

P,= P*+ P&! (13)

.

OJ .2 3 .4 -5 .6 .7 B.9L0
Z/c

Fmc!aE ‘J.-Oalcuhted Incremental normal-form dktributiom N. & Cl. L =12
afrfofl sectionat a=~ with a O.IWsplit flap at d= 4P.

This addition has been made for the example cited.
In figure 9 the distributions of Pd, PM, and Pi am given.

The incremental normal-force distribution may be
added to the normal-force distribution for the airfoil

. ----

-.

--.—



444 REPORT NO: 133&NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

with flap neutral (as may be obtained from an experi-
mental pressure-distribution investigation or by the
method of reference 1) to give the normd-forco distri-
bution for the airfoil with flap deflected

P2=P~+Pa (14)

The incremental flap section normrtl-force and flap
section hinge-moment coefficients ,are found us the sum
of the contributions from the increment.rd additional
and the incremented basic distributions:

where nra and hraare the incremental flap nornd force
and hinge moment per unit span, respectively. The
values of ~~ and qti me given in tables IX and X.
Values of ~ta rmcl qM are given in tnbles VII rmd VIII.

For the example cited, from tablea IX and X

‘Yaa=o.l~; ??Ud=-o.ckt

a~d by interpolation from tables VII and VIII

7’bb=l.79; q~a= –0.77

so that, using the vnlues of cn~dand C,w already deter-
mined,

C.,J=0.12 (0.52) +1.79 (0.60) =1.13

C*fi= –0.04 (0.52)—0.77 (0.60)= –0.48

By a similar method, the flap normal-force and hinge-
moment coefficients for the airfoil with flap neutral
may be determined from

where c~~,c~at, an d c.b~ me the normal-force coef%cients
of the additional, camber basic, and moment basic
distributiona given in reference 1, and c.... is a measure
of the magnitude of the Rerodynamio-center distribution
given in reference 1. Tlwse coefficients may be found
from equations (16) to (19) in part I. Values of
v and ~ me given in tables IX and X.

For the example cited, the pressure-distribution
chmsification is given in table 11 M C12 find

Henee, from equations (16) to (19),

cn~~=–6.30(–0.005) =0.03

C.,0=18,75(0.018) =0.34

G==0.34–0.34–0.03 =–0.03
C=.,.=—0.03(0.012) =0.000

From tab~es IX and X

‘y==o.12 q.=–o.04

7b,=o.09 q,,= –o.ol

~b~=&3~ ––0.11~bm —
so that

~mjl= (0.1~)(–0.03)+ (0.09)(0.34) +(0,32) (0.03) =0.04

C,,,= (–0.04)(–0.03)+ (– 0.03) (0.34) + (–0.11)(0.03)

=–0.01

TIM flap nornud-forco and flup hinge-momont co-
efficients me, by addition,

(22)

For the exnmple cited,

C,J,=0.04+ 1.13=1.17

––0.01–0.48=–0.49ch,2—

THE GENERAL PROCEI}UltlI FOR AN AIIMWIL WITII
A SERIALLY HINGEI) FLAP

The incremental distribution for an nirfoil with n
serially hinged plain flap is obtained by determining
the incrementnl distribution for the nirfofl with each of
the several flaps deflected and then by adding tho
various distributions.

This superposition method will nhvays IJOapplimblo
provided that cdl flaps of the system nrc unstalleci (i. c.,
no flap is deflectid more thm 15°) with tho oxccpticm of
the final (smallest) flap, which may bo shdlcd or un-
stalled. If, in a combination of a lingo flnp and a smnll
flap (e. g., a tab), the SUM1llinp is dcflcctccl oppositely
to the ltirge fln.p, experiment has shown that (1N3method
is applicable whether either flap is stnllcd or not.

It is necessary to integrate the normrd-forco distribu-
tion curve to determine the several flap norrnal-forco
rmd hinge-moment coefficients for the nirfoil with
serially hinged flaps.

LANGLEY XIEMORIAL AERONAUTICAL LA RORATORY,
NATIONAL ADVISORY COMMIIIYEE FOR AEItONAUnW,

LANGLEY FIELD, VA., ~PtiJ n?, 19$M.
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APPENDIX

THEORETICAL RELATIONSHIPS FOB TEE THIN AIRFOIL WITH PLAIN
FLAP

The application of thin-airfoil theory to the probIem
of the airfoil with a plain flap is detailed in the following
seotion.

()
Designate ~ dz as the value of the eIemental span-

wise circulation at any point z back of the leading edge
of the airfoil of chord c sub jetted to the stream velocity
17. Glauert has shown that, if a distribution of vortic-
ity aIong the chord of the airfoil with a plain flap is
assumed in the form

()~gdx=cnAo(l+cos e)

+ ;4 sin ne sin e]de (A-1)
y

where

()6= COS-I 1—:

or

Z=;(l —Cos e)

them in order that Kutta’s criterion

(A-2)

mav be satisfied.
and that the flow across the chord shall be everywhere
tangential to the camber line of the airfoil, the coefh-
cients of equation (A–1) must be given by

. . . . . . . . . I

“’=(%:’O)’1
where a’ is the angle between the direction of stream
flow and the untlapped portion of the airfoil, 6 is the
flap angle measured from the unflapped section, and 80
is the value of @at the flap hinge, i. e.,

Cos e(l= —(1—2E)

sin e~=2 *)E(l —E) }

where Eis the flap-ohord ratio

The pressure difference P (in terms of the stream
dynamic head g) at any point z rdong the airfoiI section
is the I.ift per unit span experienced by the aMoiI at that
point in terms of q, or

dL

(A-5)

but, from wing theory, the lift of an element of chord
per unit span is

dL=pVd~dz (A-8)

(p is the fluid density) and, since by differentiation of
equation (A-2) .

then

Substituting the value of the coefficients (equation
(A-3))

When the Hap is neutral (~=0), the Iift distribution is
(using the subscript , for the ffap-neutra~ case)

[ 14(1+COS 6) ~,
P,= ~ ~ (A-8)

The incremental Iift distribution due to flap deflection
is

Perring (reference 12) has shown that, for airfoik
with serially hinged flaps, the elemental chordwise
distribution of circulation may be eqmessed by equa-
tion (A-l), provided that the coticients be given by

. . . . . . . . . . . . . . . . . . . . . I
2 sin n901 “ 2 sin nt?O

Al= ~r 81+ 2 ~,*%+ . “. . ~x ‘&I
where 1301,& . . . t90r and 61,&, . . . ~r are the

dues of 00and ~ for each of the r number of flaps.
Hence, the lift distribution over an airfoil with

seriaIIy hinged flaps may be espressed by

P,= P,+ P,l+Pk+Pti+ . . . P6r (A-Il)

where PI denot= the distribution with sII flaps neutral
(given by equation (A-8)) and Pti, P~2, . . . PJ, are
the incremental distributions due to the individual
deileotion of flaps 1,2, . . . T, respectively.

A characteristic feature of the thin-sirfoiI theory is
that the incremental distribution due to the deflection
of one or more flaps is independent of the original shape
of the mean camber line of an airfoil. An airfoil with a
curved mean camber line may be considered essentially
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as a sgmmetrical airfoil with an irdlnite system of
serially hinged flaps deflected so as to produce that
curvature. It has already been seen that the incre-
mental distribution due to the deflection of any one of
a number of serially hinged flaps is independent of the
deflections of any of the other flaps.

Thus the incremental lift distribution as given by
equation (A–9) is equally applicable to every flapped
airfoil of infinitesimal thickness.

hTow consider the incremental lift distribution given
by equation (A-9) to be the sum of (1) the incremental
additional distribution

[

~ ~= 4(T–OO)(l+COS e
a

‘}
(A-12)Tsin6

and (2) the incremental basic distribution

PM=
[z

“ 8sinn60sinn8 ~
nr 1 (A-13)

1

The general form of the incremental additional
distribution, unlike the incremental basic distribution,
is not a function of the flap-chord ratio, E.

Glauert (reference 3) has shown that the incremental
lift coefficient (i. e., for a’= 0) is given by

cz*=2[(T—eo)+ain cola (A-14)

The incremental additional lift coefficient is given by

=2(T–60)LI (A-15)

and, from equations (A-I4) and (A-15)

Substitution of the values of C1.armd Clti in equations
(A-12) and (A-13), gives

Pea 2(I+COS O .. . .. . ..—=
Cba rslrlo (A-17)

Equation (A-18) may be rewritten m the sum of two
series

But
m

2

cos nr—== -10g,2–log, sin ~n
1

I%nce

41sin $(8.+ @]Pbt_ ~ log — -
~a— T sun 60 (A-19)

sin ~ (60– 8)
l-’ -1

The moment of the incremental additional lift about
the quarter-chord point of the airfoil mfiy bo shown
to be-zero, hence the incremental basic lift is roponsiblo
for the entire incremental qwmter-chord moment.
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TABLE I

ADDITIONAL NORMAL-FORCE DISTRIBUTION

TABLE 11

CHARACTERISTICS FOR 22 AIRFOILS

PJC.= or P=ilc.e,

[CIc.csA dktribution he not yet hen determined]
C.&p-

IC9dof C/$

CIescDnation Z/C ClCCSB CICSCE
Clerk Y -------------
Clerk YM-16_._._.-
Ckuk YM-18-_-––.
Cuctk c!—72------
Gdttingcn SS7------
cmttingcn 8W-------
N-fa--
N-A, C-A. OWL_–––
N.A 0. A. IM1!2----
N. A. C.A. 2212----
N.A. O.A. 2409--------
N. L a. A.ZUZ__--
N.A.O.A.2416----
N.& cL.&24l8----
N.A.a A.4tx2———_
N.A.0. A.23012----
N.& CLA. CYE——
N. A. C.A.-M6------
R. A. F.15________
U. a k 2?---------
u.& A.a6-A--------
U.S.A.33-B------

L1
L1
L4
LO

:1
.6

~;

i;
L4
LI

i;
.7

0
.01Z5

:8%
.075
.ml
.Ho
.m
.300

:%
.6m
.im

:%%

1:k%

o
5W
487
3.20
!L03
%26
Ln
L 47
L IO
.s3
.67
.51
.W
.25
.13
.!M
o

0

::
&22
%09
y&

L%
L 14
.Si
.6S
.51
.37
.24

%
o

0

M8.2s
!2.76
239
L90
LS
L 16
.Es
.Cs
.61
.37
.24
.lz
.m
o

0
3.sl

!%
!LSl
244
L93
L62
L 18
.80
.69
.61
.a6

:!!
.m
o

TABLE III

P5J/C,MDISTRIBUTION
,---

(4 PLAIN FLAP AT J=F, I@,AND uf II (b)PLAIN FLAP AT a=21P

r.

/
de
i=z

(C.I&y

1.
T

l-de

(t&&f

I—

(c)PLAIN FLAP AT 6.SCP II
(d)PLAIN OR SPLIT FLAP AT J-W

1

‘-&k-kk-0“I0“f0“”10“1‘“ ‘“m‘“w!“o‘“M!‘a*H
o

[: J; ,,
0 0

.1 , .x
. .Xi
,

:3i :8 :
..

io il $1
Lt L42 p

L z
i
2(

z 01 LW
Lm L73

22 L L
z L L
L L L
L L L 17

?
L 11 L

.m
L

:6 :M
.41

o“ 0. 0
1 1 !l. ) I t

o
25

47

:71

im
L!29
Ln
%
21
202

;74
L 61
L46
L29
L09
.s1
.s .
0

0
.1

:49

i
La

k
201
L
Li3
1.
L4

k
LIX
.74
.63

0

Irc

FE
(ahh:ol

1
A

II-zfc

(+%;[

1

0
:m

3U

60
:7
SC

ioo

K
.it

60
x

: lC
.m

o ![
00
.1

:&
. .

:65 :
.,

i
iL

k ::
3.
2.,2
28921
269 z
24!2 2.
2.L
2.L
L( L41
1. L

o- o-‘

o 0
. m

26 .27
.42

:61 .s4
.6’t

:75
:Z

i
L
L

LiS
L73 ;;
1.7C
L@ L62

L42
:40 L 81
L 24 ~$
L07
.8
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TABLE 111-Continuecl

PbI/CnMDISTRIBUTION

(e) PLAIN OR SPLIT FLAP AT JEW (f) PLAIN OR SPLIT FLAP AT J-W

- 14 010I 016I o~I Q~I ‘~ I o~I @-40-o~I 010I 0-15I ‘JmI ‘x I OmI @ I 040
o
.06
.10

::
.40
.60
.60
.70

%
1.00
.S0

:%
Xj

.40

:%
.10
.06
0

I , I 1 I I I , I 1,, I i
T

0 0
.1.S .19
.28 .27
.39 AJ
.61
.62 .64
.78 ,n

i% i~
I.m L 81
1.M 1.50
1.63 L 69
L 6s L62
L6E L Se
:ZJ :$

L 62 i 62
L64 1.45
L 41 L 89
1:& L 16

.00
.71 .69
0 0

(d SPLIT FLAP AT ct-zJY (b) SPLIT FLAP AT 8-3(F

% 0.06 0.10 0.15 O.!M I 0%I ‘mI 036I 04I 04row‘wI 010I 016I ‘aI ‘aI ‘w1‘mI‘wIauI ‘M

(ml~of

I

J
T

I-z/c

(kxie:f
I

I
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TABLE IV TABLE VI

VALUES OF ,.

J(@.) ~\lE I mI aI 40I 60I 60
VALUES OF’ G

\ 8(deg.)

\
&lo,la 20 al 40 m 60

E
\ (a)PLAN FLAPS

(a]PLAIN FLAPS
o
.05
.10
.15
.20
.25
.ao
.33
.40
.43
.B1
.55

%
.io

LOO
LOO
LOO
LO1
1.01
L 01
L 01
1.01
L 01
L 01
L 01
L 01
L 01
L 01
LGt

LChl L 00
L 01 L 03

L06
;%! L 06
:r& 1.06

L07
L03 L07
L 08 1.E
L03 1.0s
L 03 LOi
L02 L 07

..--—
i R –-–.–-.

L@l LOO
1.06 M L 15
LOO L15 1.22
L 11 L 1S L%

L 21 1.32
iH L!M
L 14 L24 ;:

L25 L&l
i{ L 2a L a9

am –a 476
.10

–o.477 -a 477 -a 4iQ -0.m
–.m >-~ –.455 –.455

.15
-.4s3

–.4!M —.434
.20

–.43a –.4m
–.w –.m –.4U –.414 -.us
-.sm –.?s7 –.392 –.m

:% –.a37
-am

–.366 –.an –.a76
.36

–.an
–.234 –.a46 –.862 –.967

.40
-.2m

-.all –.626 -.3a2
.46

–.am
–.!2m

-.342

.60
–.w

–.22.5

~

..—— — -——

.6s
–.2s6 –––-— —— -—

–.242 .— _— --–—_ -——
.a -.W –.220 -—--— --— -–-----–-—----

: g ~::–:-— ---— –--–-— .-–-—– -—––
% — ——- ------— .---— --.—-—

(b)SPLIT FLAPS

-u 474
–.44s
-.4!26
-.397
-.672
-.w
–.m
–.204
-.!2m
-.242
-.213..,, F--

—--—.—.———-——------———.-—-—.————-,-.—-———1-
——-————--

(b)SPLIT FLAPS

1 1 1 1
LOO
L16
kg

L32
1.a6
L=
La
L.?3

..—

..—

0
.06
.10
.16
.m
.26
.ao
.33
.40
.4a
.50 I
--—_—-——-—-—.-——.--._—.-—-—-———-_—.._—-_—-—

L 00
L 01
L02
L 02

M
L03
L03
L03
L03
L(I6

L04

M
L@3
L07
LOi
1.m
Lm
1.0S

M

L 00
LM
L09
LII
L 12
L 14
L 14
L 15
L 15

LW
L 10
L 15
L 18
L 21
L23
1.24

ill
.—
——

am
.10
.16
.m
.25

::

::
.50

---------
--------.
---------
-------- .
-------- .
—------.
---------
---------
---------
—------.

-0.473
-.452
–.430
–.41X
–.?s3
-.am
–.342
-.-da
-.2m
–.m

–Llm
–.454
–.432
–.409
–.28s
-.367
–.847
–.327
-.207
–.257

-a 478
–.4a3
–.4W
–.411
–.392
–.m
–..252
–.338

–ti4n -o.4i9
–.4m -.4m
–.466 –.430
–.414 –.416
–.am –.296
–.376 –.an
–.357 –.am
–-am –.842

l----—--—-—--——-——.-----—---——____
TABLE VHTABLE Y

VALUES OF ,S
NORMALFORCE PARAMETER 7M

\ ‘J6(dW.)
10 20 ao 40 m 60

E (a]PLAIN FLAPS I
(a) PLAIN FL.4PS 2.97 all

.lo %lf! 225
L7S L3i

:: L66 L64
..m L41 L42
.60 L30
.a5 k%

L16 ;2
:2 L 10 L 16
.m L06
.63

~ ‘w ‘

L02 -k:– —---- __–
.60 .9E —–—---——–---— .–-
.66 -----—-------—-— --—— — —
.nl ----—— —-—--— ..-— ----—--—

(b)SPLIT FLAPS

a47 3-62
!251 266
10s 212
L32

?:
k: L65
L43 L46
L85 1.37

0
-.

%
:.47
-.b9
-.
—.z

–-i?!

——

——
.-——
—--

I

0
.03
.10
.15
.20

%
.aa
.40
.46
.m
.aa
.60
.6s
“o.,

0

–:8
–.01
–.01
–.01
-.02
—.02
-.02
-.03
—.CQ
—.
—.E
—.m
—.07

0
-. 02
—.03
—.W
—.(M

zg—.—--.!!
::
–.17

0
-.
—.%
:.!!
–.14
–.16
–.19
–.21
—.25
-.m

o 0
:: =s!—.—.iii :%—.27 -.46
—. 44
—.% :6a
—.42 -.n

---— -—

.—-—
,--—. =2-===1

l-— ——1-

1
—---—.-—--———.--------_____-----—-—-_--_---------—---—--—------——
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TABLE VIII

HINGE-MOMENT PARAMETER qw

TABLE IX

FLAP NORMALFORCE PARAhfETERS

\8 (deg.)

\

6,10,15 xl 30 40 m 34
E

7,*
Ch!!2

r, “

class1E Y ..,.

0
.03
.10
.U1
.m
.2d
.30
.25
.40
.45
.M3
.66
.E2

::

0
.28
.C6
.Ca
.12
.16
;:

.24

.23

.81

.26

.29

.42

.47

o
.02
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.09
.12
.14
.17
.!U)
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.%
.32
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.42
.47

0
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.24
.82
.*
;:
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.69
.74
.’m
.34
.s9

(a)PLAIN FLAPS
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—.26
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z
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--------
.........--... -..1 - . . . ..--..1 -- . . . . . . . TABLE X.—FI,AP HINGE-MOMENT PARAMETERS

‘“m‘d Cl%h1

(%)SPLIT FLAPS

Ck 2
%Clasl1E q.*.
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0
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